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Abstract 
The article reviews the use and physiological effects of fats protected from decay in the rumen of 
ruminants, as well as types of feed additives containing “protected fats”, presents their comparative 
characteristics of fatty acid composition, indicators of exchange and pure lactation energy. 
Summarized data indicate the prospects of the technology of “protected fats” and their use in animal 
husbandry. 
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INTRODUCTION 
Increasing milk yields, increasing the fat content in 
milk, and improving the quality of other livestock 
products have been and remain important tasks for 
feeding cattle. It is known that fats are a necessary 
component for the full maintenance of the energy state 
of a cow, the energy value of fats is 2.25 times more 
carbohydrates and proteins. The recommended fat 
content in the diet of ruminants is 4% of the total mass 
of the feed, and its increase leads to disruption of 
metabolic processes in cattle foreguttle. 
Free higher fatty acids and constituent di- and 
triglycerides affect microbial metabolism: an increase in 
the concentration of high fatty acids inhibits the growth 
of scar microflora, and a decrease, on the contrary, 
contributes to the development of microorganisms. The 
rumen of animals contains Isotricha intestinalis, Isotricha 
prostoma and others, which have special organelles - 
hydrogenomes, in which ATP is synthesized with 
release of molecular hydrogen (Agarwal et al. 2015, 
Toral et al. 2017, Tzirita et al. 2018, Wu et al. 2012). 
These bacteria contain hydrogenomes (Fig. 1). 
The released hydrogen reacts with unsaturated fatty 
acids in food - the process of biohydrogenation is 
underway, as a result of which the formation of trans-
isomers of fatty acids is possible. The most common of 
these is the C18: 1 trans-isomer of oleic acid — vaccenic 
acid (Barletta et al. 2016, Doreau et al. 2016, Ferlay et 
al. 2017, Schmidely et al. 2017). A part of unsaturated 
fatty acids is not subjected to biohydrogenation, but 
accumulates in the rumen, where it is intensively 
oxidized to form acetoacetic, β-hydroxybutyric acids and 
acetone (Abdela 2016, Amachawadi and Nagaraja 
2016). 
These circumstances prompted the creation of feed 
additives “protected fats”, which replenish the energy 
balance of the animal without harm to the scar, as well 
as reduce the risk of acidosis. The term “protected fats” 
is understood as a mixture of C12-C18 high fatty acids. 
The peculiarity of “protected fats” is that they pass 
through the rumen, the mesh, the book unchanged, and 
in the strongly acidic medium of the abomasum, their 
decomposition begins. During the interaction of salts of 
bile acids, micelles are formed in the small intestine, 
which are transported to the intestinal walls and 
absorbed diffusely in them, triglycerides from free fatty 
acids and glycerol-3-phosphate (formed in glucose from 
the liver) are resyntsed, then they are encapsulated in 
low-density lipoproteins, are transported to the lymphatic 
system and delivered to the organs and tissues through 
blood vessels (Fig. 2) (Toral et al. 2012). 
Feed additives containing “protected fats” differ in the 
type of treatment: hydrogenated, fractionated, 
saponified (calcium salts of high fatty acids). The type of 
processing depends on the fatty acid composition of 
feed additives. So, for example, stearic and palmitic fatty 
acids predominate in hydrogenated fats, palmitic acid in 
fractionated fats, and a high percentage of oleic and 
linoleic fatty acids in calcium salts (Table 1). 
To date, the effectiveness of feed additives 
“protected fats” was confirmed by various studies 
(Gamko and Svirid 2015, Martinez et al. 2016, Morozova 
2011, Raikhman 2016, Radchikova et al. 2009), in which 
there was an increase in milk yields by an average of 3 l 
/ day, as well as milk fat content by 0.5-1 % (Esaulova 
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and Elizarova 2016, Golovin 2016, Morozova et al. 
2013). However, there are a number of drawbacks and 
difficulties associated with the bioavailability and 
technologization of the process of obtaining protected 
fats: 
a) Hydrogenated lower digestibility (Golovin 2016), 
form trans-isomers of free fatty acids (Gamayurova 
2010, Medvedev and Medvedeva 2015, Voigt et al. 
2006), their production is associated with high 
temperatures (180-220 °С) and rather toxic catalysts. 
b) When receiving fractionated fats, a multistage 
technology is used (Kellenc et al. 2007, Kuznetsova et 
al. 2012, 2013, Prokopenko 2012), as well as imported 
raw materials, mainly palm oil. 
c) In the saponified fats, a strong alkaline odor (Mba 
et al. 2015), moreover, calcium salts of high fatty acids 
are insoluble, which significantly reduces their 
absorption into the ruminant intestinal cells (Levakhin et 
al. 2012, Patent us 4826694 1989). 
 
Fig. 1. The process of the formation of ATP and the release of hydrogen by hydrogenomes (Choudhury et al. 2015) 
 
Fig. 2. Scheme of lipid metabolism ( Hoffman 1971) 
Table 1. Fatty acid composition of protected fats, 
depending on the method of production 
Fatty Acid 
Name Hydrogenation, % Fractionation, % 
Calcium salts 
of fatty acids, % 
Palmitic 45-50 75-85 30-50 
Stearic 45-50 3-5 0-5 
Oleic 2-6 10-15 40-70 
Lauric 0-1 0 0-1 
Myristic 0-2 0-5 0-2 
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These circumstances determine the prospects of 
finding new technologies for obtaining “protected” fats, 
as well as ways to reduce the negative impact on the 
digestion of cattle, with the additional inclusion in the diet 
of fats. To assess the quality of feed additives 
“protected” fats, there are evaluation criteria: the 
digestibility coefficient, the exchange energy, the net 
energy of lactation. 
The digestibility coefficient is the ratio of the digested 
nutrient to the feed consumed. A number of studies have 
shown that the digestibility of “protected” fats improves 
as the concentration of palmitic acid increases and 
stearic acid decreases (Palmquist and Jenkins 2017, RF 
patent number 2008131286/13 2010, Ylioja et al. 2018). 
This is due to the limiting factor of enzyme activity during 
digestion. 
Exchange energy - the amount of energy absorbed 
by the body nutrients feed. This indicator is significantly 
affected by the bioavailability of “protected” fats: to 
participate in metabolic processes, all nutrients must be 
soluble; Extraction of energy from an IVH occurs in the 
mitochondrial matrix, the transport to which is restricted. 
Many manufacturers add to feed additives L-carnitine 
(Chamberlain and DePeters 2016, Murali et al. 2015, 
Pirestani and Aghakhani 2017), which is one of the 
carriers of high fatty acids. 
The pure energy of lactation is the energy consumed 
for the secretion of milk (Olagaray et al. 2016). 
The above criteria are universal, but not the only 
indicators of feed quality. There are domestic and 
foreign studies on the comparative characteristics of the 
digestibility of various types of “protected” fats 
(Bainbridge and Kraft 2016, Rico et al. 2017). Evidence 
suggests that the digestibility of hydrogenated fat - 43-
79%; calcium salts of high fatty acids: 9.7–78.3%; 
fractioned - 39-40.6% (Boerman et al. 2015, Weld and 
Armentano 2017, Yeasmin et al. 2017). 
Today, the consumer market is represented by a 
wide range of different “protected” fats. The 
overwhelming majority of feed additives circulating on 
the Russian market are produced abroad: Malaysia, 
Indonesia, China, Germany, etc. In the proposed 
assortment, there is a general trend in the values of the 
exchange and pure energy of lactation (Table 2). 
According to GOST for cattle feeds, the content of 
raw fat for highly productive cows with a capacity of 6000 
kg of milk is at least 5% of the total mass of feed. With a 
daily feed weight of 20 kg, a metabolic energy ratio of 
214 MJ and a fat percentage of 5%, the rate of fat input 
will be 1 kg. If the exchange energy of “protected fat” is 
38.00 MJ / kg (see Table 2), 18% of the exchange 
energy of the feed is obtained. This ratio of input rate 
and the percentage of added exchange energy is 
effective. 
Today, “protected fats” are produced from palm oil 
fractions and hydrogenated fatty acids by foreign 
companies from Malaysia, Germany, China, etc. The 
production of “protected” fat in Russia is possible only by 
hydrogenating unsaturated high fatty acids, but the 
formation of large amounts of trans isomers of high fatty 
acids is a significant disadvantage of this technology. 
Imported “protected” fats also have several 
disadvantages, such as low digestibility and 
bioavailability. But despite this, the exchange energy of 
“protected” fats is 1/3 of the exchange energy of the 
entire diet. In connection with the above factors, it can 
be concluded that it is necessary to develop new 
technologies for the production of “protected” fats based 
on unsaturated fatty acids in the territory of the Russian 
Federation, which will have high digestibility and 
bioavailability. 
REFERENCES 
Abdela N (2016) Sub-acute Ruminal Acidosis (SARA) and its Consequence in Dairy Cattle: A Review of Past and 
Recent Research at Global Prospective. Achievements in the Life Sciences, 10(2): 187–196. 
https://doi.org/10.1016/j.als.2016.11.006  
Agarwal N, Kamra DN, Chaudhary LC (2015) Rumen Microbial Ecosystem of Domesticated Ruminants. Rumen 
Microbiology: From Evolution to Revolution, 1: 17–30. https://doi.org/10.1007/978-81-322-2401-3_2  
Amachawadi RG, Nagaraja TG (2016) Liver abscesses in cattle: A review of incidence in Holsteins and of 
bacteriology and vaccine approaches to control in feedlot cattle12. Journal of Animal Science, 94(4): 1620–1632. 
https://doi.org/10.2527/jas.2015-0261  
Bainbridge M, Kraft J (2016) Lipid Encapsulation Provides Insufficient Total-Tract Digestibility to Achieve an Optimal 
Transfer Efficiency of Fatty Acids to Milk Fat. PLOS ONE, 11(10): 2-6. 
https://doi.org/10.1371/journal.pone.0164700  
Table 2. The values of the exchange energy and the net 
energy of lactation 
Name Exchange energy, MJ / kg 
Pure lactation energy, 
MJ / kg 
Quality Fat 35.89 24.50 
Bewi Spray 95D 34.05 22.00 
Fatrix CLA 100 33.50 24.00 
LactoPlus MB Protect 30.00 20.50 
Del-Agro (fraction.) 33.46 24.73 
NutrakorFB60L (fraction) 38.85 28.00 
Del-Agro (Calc.) 30.00 23.30 
Nutrakor FB60L (Calc.) 33.25 26.60 
Aktifat 38.00 30.00 








Barletta RV, Gandra JR, Bettero VP, Araújo CE, Del Valle TA, Almeida GFd, et al. (2016) Ruminal biohydrogenation 
and abomasal flow of fatty acids in lactating cows: Oilseed provides ruminal protection for fatty acids. Animal 
Feed Science and Technology, 219: 111–121. https://doi.org/10.1016/j.anifeedsci.2016.06.011  
Boerman JP, Firkins JL, St-Pierre NR, Lock AL (2015) Intestinal digestibility of long-chain fatty acids in lactating 
dairy cows: A meta-analysis and meta-regression. Journal of dairy science, 98(12): 8889-8903. 
https://doi.org/10.3168/jds.2015-9592  
Chamberlain MB, DePeters EJ (2016) Impacts of feeding lipid supplements high in palmitic acid or stearic acid on 
performance of lactating dairy cows. Journal of Applied Animal Research, 45(1): 126–135. 
https://doi.org/10.1080/09712119.2015.1124327  
Choudhury PK, Salem AZM, Jena R, Kumar S, Singh R, Puniya AK (2015) Rumen Microbiology: An Overview. 
Rumen Microbiology: From Evolution to Revolution, 1: 3–16. https://doi.org/10.1007/978-81-322-2401-3_1  
Doreau M, Meynadier A, Fievez V, Ferlay A (2016) Ruminal Metabolism of Fatty Acids. Handbook of Lipids in Human 
Function: 521–542. https://doi.org/10.1016/b978-1-63067-036-8.00019-6  
Esaulova LA, Elizarova TI (2016) The effectiveness of the use of protected feed fat in the rations of dairy cows in 
the farms of the Voronezh region. Proceedings of the international scientific-practical conference dedicated to 
the 90th anniversary of the Faculty of Veterinary Medicine and Livestock Technology, held on the basis of fgbou 
in “Voronezh State Agrarian University named after Emperor Peter I”,1: 103-106. 
Ferlay A, Bernard L, Meynadier A, Malpuech-Brugère C (2017) Production of trans and conjugated fatty acids in 
dairy ruminants and their putative effects on human health: A review. Biochimie, 141: 107–120. 
https://doi.org/10.1016/j.biochi.2017.08.006  
Gamayurova VS (2010) Myths and reality of the food industry. Bulletin of Kazan Technological University, 8: 116-
120. 
Gamko LN, Svirid AI (2015) The effect of calcium salts of fatty acids on cow productivity and milk quality indicators. 
Agrarian science, 7: 21-22. 
Golovin AV (2016) The use of palm fats to increase the concentration of energy in the diets of dairy cows, 1: 32-36. 
Hoffman E (1971) Dynamic biochemistry.  
Kellenc M, Gibon V, Hendrix M, Greyt WD (2007) Palm oil fractionation Eur. J. Lipid Sci. Technol, 109: 336–349. 
https://doi.org/10.1002/ejlt.200600309  
Kuznetsova LN, Papchenko VYu, Demidov IN (2012) Getting high-melting fraction of palm oil. East European 
Journal of Advanced Technology, 56(59): 15-16. 
Kuznetsova LN, Papchenko VYu, Demidov IN (2013) Getting low-melting fraction of palm oil. Bulletin of NTU “KhPI”, 
11(985): 121-124. 
Levakhin GI, Miroshnikov IS, Ryazanov VA (2012) Protected fats in ruminant feeding (review). Bulletin of beef cattle, 
4(78): 94-97. 
Martinez N, Sinedino LDP, Bisinotto RS, Daetz R, Lopera C, Risco CA, et al. (2016) Effects of oral calcium 
supplementation on mineral and acid-base status, energy metabolites, and health of postpartum dairy cows. 
Journal of Dairy Science, 99(10): 8397–8416. https://doi.org/10.3168/jds.2015-10527  
Mba OI, Dumont M-J, Ngadi M (2015) Palm oil: Processing, characterization and utilization in the food industry – A 
review. Food Bioscience, 10: 26–41. https://doi.org/10.1016/j.fbio.2015.01.003  
Medvedev OS, Medvedeva ZO (2015) Fatty acid trans-isomers as a dangerous component of unhealthy diet. 
Nutritional Issues, 5(2): 54-63. 
Morozova L (2011) “Protected” fat “Enerflo” in the diets of highly productive cows. Feed - preparation, preparation 
and use. 2: 14-17. 
Morozova L, Mikolaichik I, Subbotina N (2013) The effectiveness of the use of energy feed additive “Megalak” in the 
diets of highly productive cows. Dairy and beef cattle, 1(6): 8-10. 
Murali P, George SK, Ally K, Dipu MT (2015) Effect of L-carnitine supplementation on growth performance, nutrient 
utilization, and nitrogen balance of broilers fed with animal fat. Veterinary World, 8(4): 482–486. 
https://doi.org/10.14202/vetworld.2015.482-486  
Olagaray K, Shaffer J, Armendariz C, Bellamine A, Jacobs S, Titgemeyer E, Bradford B (2016) Bioavailability of 
Rumen-Protected Carnitine in Lactating Dairy Cows. Kansas Agricultural Experiment Station Research Reports, 
2(9): 11.  
Palmquist DL, Jenkins TC (2017) A 100-Year Review: Fat feeding of dairy cows. Journal of Dairy Science, 100(12): 
10061–10077. https://doi.org/10.3168/jds.2017-12924  
 
 
EurAsian Journal of BioSciences 13: 987-991 (2019)  Oleynikova et al. 
 
  991 
 
Patent us 4826694 02.05.1989 ruminant feedstuffs, their production and apparatus for use there in. Mcaskie, W. 
Pirestani A, Aghakhani M (2017) The effects of rumen-protected choline and l-carnitine supplementation in the 
transition period on reproduction, production, and some metabolic diseases of dairy cattle. Journal of Applied 
Animal Research, 46(1): 435–440. https://doi.org/10.1080/09712119.2017.1332632  
Prokopenko LG (2012) Deep hydrogenation of fats. Fat-and-oil industry, 4: 24-23. 
Radchikova GN, Shareiko NA, Serguchev SV, Hasanov FA, Gurina DV (2009) New fat supplement in feed rations. 
Zootechnical science of Belarus, 44 (2): 190-197. 
Raikhman AYa (2016) Efficiency of the use of energy additives in the diets of lactating cows. In The current state, 
the prospects for the development of dairy farming and processing of agricultural products, 6: 121-124. 
RF patent number 2008131286/13 03/10/2010 A method for producing calcium soaps for animal feed. Patent of 
Russia RU №2383586 C. 
Rico JE, de Souza J, Allen MS, Lock AL (2017) Nutrient digestibility and milk production responses to increasing 
levels of palmitic acid supplementation vary in cows receiving diets with or without whole cottonseed. Journal of 
Animal Science, 95(1): 436–446. https://doi.org/10.2527/jas.2016.1089  
Schmidely P, Ghazal S, Berthelot V (2017) Effect of rumen-protected conjugated linoleic acid on ruminal 
biohydrogenation and transfer of fatty acids to milk in dairy goats. Livestock Science, 199: 7–13. 
https://doi.org/10.1016/j.livsci.2017.03.005  
Toral PG, Hervás G, Carreño D, Leskinen H, Belenguer A, Shingfield KJ, Frutos P (2017) Effect of DHA on in vitro 
ruminal biohydrogenation of 18-carbon fatty acids: comparison in cows and ewes. XVII Jornadas sobre 
Producción Animal, Zaragoza, Spain, 30-31 May, 2017, 1: 222-224. 
Toral PG, Monahan FJ, Hervás G, Frutos P, Moloney AP (2018) Review: Modulating ruminal lipid metabolism to 
improve the fatty acid composition of meat and milk. Challenges and opportunities. Animal, 1: 1–10. 
https://doi.org/10.1017/s1751731118001994  
Tzirita M, Papanikolaou S, Chatzifragkou A, Quilty B (2018) Waste fat biodegradation and biomodification by 
Yarrowia lipolytica and a bacterial consortium composed of Bacillus spp. and Pseudomonas putida. Engineering 
in Life Sciences, 18: 932-942. https://doi.org/10.1002/elsc.201800067  
Voigt J, Kuhla S, Gaafar K, Derno M, Hagemeister H (2006) Digestibility of rumen protected fat in cattle. Slovak J. 
Anim. Sci, 39: 16–19. 
Weld KA, Armentano LE (2017) The effects of adding fat to diets of lactating dairy cows on total-tract neutral 
detergent fiber digestibility: A meta-analysis. Journal of Dairy Science, 100(3): 1766–1779. 
https://doi.org/10.3168/jds.2016-11500  
Wu S, Ransom L, Baldwin RL, Li W, Li C, Connor EE, Li RW (2012) The Bacterial Community Composition of the 
Bovine Rumen Detected Using Pyrosequencing of 16S rRNA Genes. Metagenomics, 1(11): 1-11. 
https://doi.org/10.1007/978-81-322-2401-3_2  
Yeasmin D, Islam N, Sarker NR, Huda N, Habib A, Tabassum F (2017) An exertion of enhance milk yield of native 
Pabna cattle through using different types of calcium salt of fatty acid. SAARC Journal of Agriculture, 15(2): 137-
146. https://doi.org/10.3329/sja.v15i2.35160  
Ylioja CM, Abney-Schulte C, Stock R, Bradford BJ (2018) Effects of fat supplementation to diets high in nonforage 
fiber on production responses of midlactation dairy cows. Journal of Dairy Science, 101(7): 6066–6073. 
https://doi.org/10.3168/jds.2017-13991  
 
www.ejobios.org 
